Effect of urea on the partial reactions and crystallization pattern of sarcoplasmic reticulum adenosine triphosphatase.
Steady-state ATPase activity, calcium binding, formation of phosphorylated enzyme intermediate with ATP in the presence of Ca2+, or with Pi in the absence of Ca2+, and association of ATPase molecules into bidimensional crystals, were studied using vesicular fragments of sarcoplasmic reticulum. The vesicles were exposed to increasing concentrations of urea in order to produce stepwise perturbations of protein structure and to test the effect of such perturbations on the partial reactions and crystallization pattern of sarcoplasmic reticulum ATPase. It was found that low concentrations of urea produce specific inhibition of Pi binding and enzyme phosphorylation with Pi (but not with ATP). Intermediate concentrations of urea reduce calcium binding affinity and cooperativity, while the ability of the enzyme to be phosphorylated with ATP and to form dimeric arrays is retained. These observations demonstrate that the sarcoplasmic reticulum ATPase is sensitive to physical perturbations producing specific and reversible changes in the Pi and calcium binding domains. These changes interfere with enzyme turnover, indicating that conformational effects related to binding and dissociation of Pi and calcium are tightly coupled to catalysis and energy transduction. Higher concentrations of urea produce irreversible denaturation, accompanied by total inhibition of calcium binding, enzyme phosphorylation with ATP, and association of ATPase chains in bidimensional crystals. Under these conditions, protein unfolding is manifested by a sharp reduction in the fluorescence of intrinsic tryptophan residues and of a covalently bound probe. These observations suggest that dimeric association and a tendency to form bidimensional crystals correspond to a basic property of the enzyme, which is linked to its native structure and whose character may change in the presence of ligands and/or during the catalytic cycle. On the other hand, the decavanadate-induced crystallization pattern cannot be interpreted in terms of a mechanistic relationship of ATPase dimerization with one of the intermediate states of the catalytic cycle.